The present experiments characterized the acquisition of fear-potentiated startle (FPS) and determined the sensitivity of FPS to anxiolytic compounds in DBA/1J mice. A light (30 s) conditioned stimulus (CS) and mild footshock (0.14 mA, 0.5 s) unconditioned stimulus (US) were used. First, acquisition of FPS was examined by presenting the acoustic startle probe during and after each CS-US pairing trial, allowing for a trial-by-trial measurement of experience-dependent startle plasticity. In this novel protocol, mice showed robust acquisition (larger acoustic startle reflex in the presence of the CS) of FPS after as few as eight CS-US pairings. FPS was significantly greater when the CS and US were paired explicitly (light-paired) as compared to when both the US and CS were presented randomly (unpaired), or when the CS was presented alone (no shock), indicating pairing-dependent learning of the CS. Second, the present study assessed the sensitivity of FPS in mice to anxiolytic drugs. The GABA-A receptor agonists diazepam (3 and 6 mg/kg) and chlordiazepoxide (10 mg/kg) significantly reduced the expression of FPS post-training, as did the serotonin 1A receptor partial agonist buspirone (5 and 10 mg/kg). Furthermore, all three anxiolytic drugs reduced startle responding in a cue-specific manner and without significant changes in baseline responding. These data demonstrate a novel method of studying acquisition of FPS, and support the predictive validity of the FPS model of anxiolytic drug action in mice.
INTRODUCTION
Recent reports indicate that up to 10% of the general population suffers from some form of anxiety disorder, and that the 1-year prevalence for all anxiety disorders among adults exceeds 16% in the United States (Satcher, 1999) . The most common pharmacotherapeutics used to treat anxiety have multiple side effects, such as sedation, rapid tolerance, and abuse potential (for a review see Argyropoulos et al, 2000) . Hence, the substantial need for improved pharmacotherapy has prompted the search for new drug targets and further characterization of the neural systems underlying anxiety and fear responses (Moldin, 2000; Fendt and Fanselow, 1999; Davis, 1998a; Low et al, 2000; Lang et al, 2000; LeDoux, 2000) . The fear-potentiated startle (FPS) model of anticipatory anxiety or fear, first demonstrated by Brown et al (1951) and extensively studied by the Davis laboratory, has been critical to the elucidation of the neural circuitry and neurochemistry involved in learned fear behaviors (Davis, 1998b) .
FPS is based on classical conditioning engendered by the pairing of a neutral cue (conditioned stimulusFCS) with a noxious stimulus such as electrical shock or air puff (unconditioned stimulusFUS). Once the conditioned emotional response has been acquired, the presentation of the cue is considered to elicit a fear-or anxious-like state in the subject (conditioned response). In FPS, this conditioned response is measured operationally by quantifying the reflex response elicited by startling stimuli, with increased startle response magnitudes being observed in the presence of the cue (CS), relative to the absence of the cue.
In humans, the FPS effect has been demonstrated with explicit or instructed conditioning as well as with unconditioned stimuli such as violent images (Spence and Runquist, 1958; Grillon et al, 1991; Bitsios et al, 1999; Hamm et al, 1993) . Interestingly, patients with post-traumatic stress disorder and panic disorder exhibit increased startle response magnitudes during baseline or stressful conditions (Butler et al, 1990; Grillon et al, 1994; Morgan et al, 1996; Grillon and Morgan, 1999) . Furthermore, adolescents with a familial history of anxiety disorders exhibit increased expression of FPS (Grillon et al, 1998) . Taken together, these data support the idea that increased startle reactivity may be a common symptom across different anxiety disorders with potentially different pathologies, and that startle reactivity is increased during both anxious and fearrelated states in humans.
The neural circuitry underlying FPS has been investigated extensively in rats and more recently in mice (Brown et al, 1951; Davis, 1992; Falls et al, 1997) . For example, FPS in rodents has been clearly linked to the amygdala, with amygdala lesions or intra-amygdala injections of anxiolytic compounds blocking FPS Groenink et al, 2000) . Imaging studies in humans have revealed that neural systems that are involved in FPS in rodents also appear to be involved in learned fear in humans, supporting the construct validity of the FPS model in rodents (Phelps et al, 2001; LaBar et al, 1998) . Furthermore, as in rats, some reports suggest that FPS can be reduced by diazepam administration in humans, showing some parallels between the predictive validity of the FPS model in rats and humans for anxiety treatment (Bitsios et al, 1999; Patrick et al, 1996 ; but see Baas et al, 2002) . FPS has been shown to be a highly predictive model of anxiety in the rat for both anxiolytic and anxiogenic drugs in humans. For example, in rats, clinically effective anxiolytics, such as benzodiazepines and buspirone, block the expression of FPS, while anxiogenics such as yohimbine increase FPS (for a review see Davis et al, 1993) . Thus, FPS in rats has proven neurochemical and neural circuitry parallels with anxiety and fear-related behaviors in humans.
Mice are increasingly being used to further examine neural mechanisms underlying complex behaviors through the advent of transgenic technology (eg Gingrich and Hen, 2001 ). The FPS model in mice may offer substantial benefits in characterizing the mechanisms subserving the acquisition and expression of behaviors related to fear and anxiety. First, the FPS model, unlike typical conflict models of negative affective states, does not measure complex behavior that is modulated by competing drives. Thus, the FPS model may offer enhanced specificity of the interpretation of experimental manipulations without possible motivational (eg Vogel test), approach/avoidance, or locomotor activity confounds (eg elevated plus maze and open field) (Shekhar et al, 2001) . This aspect of the FPS model is particularly important when using transgenic mice to describe effects of genes on anxiety-related behaviors, as subtle changes in locomotor activity or approach behavior could confound any putative 'anxiety' phenotype (Dulawa et al, 1999) . Second, the model in mice could be used to further characterize the involvement of specific components in the acquisition of fear-related behaviors (eg CREB, Falls et al, 2000) as well as uncover new molecules and mechanisms involved in the expression and extinction of learned fear. Through the work of the Falls laboratory, FPS has been initially characterized in mice and has been shown to be amygdala dependent (Heldt et al, 2000) . The next important step is to show that mouse FPS has similar underlying neurochemical systems to human anxiety, that is, shows predictive validity for identifying anxiolytic compounds.
The present study sought to further characterize FPS in mice by (1) determining the acquisition curves for cue-and context-potentiated startle; (2) characterizing the unconditioned effects of the light CS; and (3) determining whether clinically effective anxiolytic drugs reduce the expression of FPS in mice. Specifically, the effects of buspirone, a serotonin 1A (5-HT1A) receptor partial agonist, and both diazepam and chlordiazepoxide, GABA-A receptor agonists, on FPS were tested in mice. Mice used were of the inbred DBA/1J strain, which has been shown to have moderate-tohigh emotional reactivity in conflict tests relative to other inbred strains, suggesting that these mice may be particularly suited for models of anxiety or fear (Crawley et al, 1997) .
METHODS

Subjects
Male DBA/1J mice from Jackson Labs (Bar Harbor, Maine), 6-8 weeks of age on arrival, were used for all experiments. Animals were housed four to a cage with food and water provided ad libitum and maintained in a climate-controlled room with a reverse 12-h light/dark cycle (lights on at 17.00). Animals were tested during the dark phase between 10.00 and 16.00 h. Animals were given at least 1 week acclimation to the facility before testing began. Experiments were conducted in accordance with the 'Principles of Laboratory Animal Care' NIH guidelines and with local animal care committee approval.
Apparatus
Startle chambers (SR-LAB, San Diego Instruments, San Diego, CA) consisted of nonrestrictive Plexiglas cylinders 5 cm in diameter resting on a Plexiglas platform in a ventilated chamber. High-frequency speakers mounted 33 cm above the cylinders produced all acoustic stimuli. Scrambled, constant-current footshocks were delivered through a cradle-shaped grid (seven bars with a diameter of 1.6 mm) mounted on the floor of the cylinder. Footshocks, startle intensities, and light presentations were controlled by HSR2000 software (SR-LAB). Piezoelectric accelerometers mounted under the cylinders transduced movements of the animal, which were digitized and stored by an interface and computer assembly. Beginning at the startle stimulus onset, 200 consecutive 1 ms readings were recorded to obtain the peak amplitude of the animals' startle response to either acoustic startle stimuli (40 ms) or footshock stimuli (500 ms), respectively. The startle response record window was longer than described previously for mice (in the context of prepulse inhibition experiments; Dulawa and Geyer, 1996) to allow for accurate measurement of peak reactivity to both footshock and startle stimuli. Peak responses to these stimuli are presented in arbitrary units. A dynamic calibration system was used to ensure comparable sensitivities across chambers. Sound levels were measured as described elsewhere (Mansbach and Geyer, 1988) using the A weighting scale in units of dBA SPL. Footshock levels were verified by using a 1 kO resistor across the bars of the shock grids and measuring the voltage drop between the bars to calculate the constant current in milliamperes (mA). The light CS was delivered via a bare 25 W incandescent bulb located on the ceiling of the testing chamber. A 65 dB white-noise background was delivered throughout all training and testing sessions.
Behavioral Testing Experiment 1. CS-US pairing-dependent acquisition of FPS in mice Test session parameters: Experiment 1 utilized a combined training and test session in order to simultaneously establish the classically conditioned response and monitor the acquisition of this response. Accordingly, both CS-US training and startle probes were combined in the same session. Test sessions began with a 5-min acclimation period followed by 12 40-ms 100-dB startle pulses with an average 15-s (7-23 s range) intertrial interval (ITI) to obtain a baseline measure of startle responding. Two minutes after the baseline period, 30 training trials interspersed with acoustic startle probes were presented. Three groups of mice (N ¼ 12 each) were trained/tested using three different types of training trials, as illustrated in Figure 1 .
Light-paired training trials (Figure 1a ): Light-pairing trials (cue trial) consisted of a 30-s light cue in which a 0.14 mA scrambled footshock was delivered during the last 0.5 s. A dark trial (no-cue trial) lasting between 100 and 240 s in which there were no-cue or shock presentations immediately followed the light trial. In order to test the acquisition of fear conditioning to the light cue after each pairing, a startle pulse was presented both during the light trial (28.46 s after light onset) and during the dark trial (60-120 s after light offset). This meant that during each light cue presentation there was a test stimulus (startle probe) as well as the US presentation, thus removing any potential extinction or trace conditioning confounds that may occur when testing FPS acquisition with separate training (CS+US) and testing (CS+startle probe only) trials.
Unpaired training trials (Figure 1b) : The light and dark trials were similar to the light-paired group training trials; however, the footshock was presented randomly at any time during either the light or dark trials. Thus, the light cue did not predict the presentation of the footshock. Similarly, the startle probe was presented at a random time interval both during the light trial (1-30 s) and during the dark trial (100-240 s). It is important to note that the startle probe was never presented less than 60 s after a footshock.
No-shock training trials ( Figure 1c ): Trials were exactly the same as those for the light-paired group except that the footshock presentation was omitted.
Experiment 2. Effects of anxiolytic drugs on expression of FPS. To test the effects of various anxiety-modulating compounds on the expression of FPS, training and subsequent testing sessions were separated by a 24-h period. Drugs were administered only before startle testing. Dose groups for all compounds tested were assigned by counterbalancing baseline (pretraining) startle reactivity and shock reactivity across groups. All drugs were tested in naïve mice 1 day after the initial 20-trial training session.
Test Session Parameters:
Training sessions consisted of a 5-min acclimation period followed by ten 40-ms 100-dB startle pulses to record a pretraining startle baseline. After these baseline startle trials, 20 training trials were presented with a 2-min ITI. Training trials consisted of a 30-s light cue with a 0.14 mA footshock presentation during the last 0.5 s. An unpaired group was also included in the initial diazepam experiment to determine whether the FPS effect was indeed Figure 1 Schematic description of stimulus presentation during trial-by-trial acquisition protocol. (a) Light-paired training trials. Light trials consisted of a 30-s light cue in which a 0.14 mA scrambled footshock was delivered during the last 0.5 s. Dark trials immediately following light trials varied between 100 and 240 s. A startle pulse (40 ms, 100 dB) was presented both 28.46 s after light onset (light trial) and 60-120 s after footshock (dark trial). (b) Unpaired training trials. The light and dark trials were the same as for the light-paired group training trials with the exception that the footshock was presented randomly at any time during either the light or dark trials. Thus, the light cue did not predict the presentation of the footshock. The startle probe was presented at a random time interval during each light and dark trial. (c) No-shock training trials. Trials were exactly the same as those for the light-paired group except that the footshock presentation was omitted.
Neuropsychopharmacology
Anxiolytic drugs reduce FPS in mice VB Risbrough et al pairing dependent and robust. The unpaired training session consisted of exactly the same session as the initial pairing session except that the footshock was presented randomly during the 2 min ITI. Test sessions were given 24 h postconditioning, beginning with a 5 min acclimation period followed by delivery of 24 total startle pulses (100 dB, 40 ms in duration) with half of the startle pulses presented during the 30 s light cue (cue) and the other half without the cue present (ie darkness, nocue). The trials were presented in a pseudorandom order with a 2-min ITI.
Experiment 3. Effect of chlordiazepoxide on non-CS dependent increases in startle responding. The startle magnitudes in the unpaired and no-shock groups were reassessed 5 days post-training to answer two questions. First, does the potentiated startle in the dark trials observed in the unpaired group remain elevated when no footshocks or light cues are presented? Second, does the same dose of chlordiazepoxide tested in FPS-trained mice (ie cuedependent startle potentiation) reduce the startle potentiation that was not cue dependent (ie context-dependent), or baseline startle responding in mice without fear conditioning (no-shock group)? Therefore, both groups were split, with half receiving vehicle and the other half receiving chlordiazepoxide. The test session consisted of a 65-dB constant background with 20 100-dB startle pulses with an average 30 s ITI. The testing chambers were not lit during the session.
Drugs
A dose range of 1.0-6.0 mg/kg diazepam (Baxter Healthcare Corp., Deerfield IL) and 10 mg/kg chlordiazepoxide HCl (Sigma-Aldrich, St Louis, MO) were dissolved in 0.3% Tween 80 in 0.9% sterile saline and administered intraperitoneally in a volume of 10 ml/kg. Buspirone HCl (SigmaAldrich, St Louis, MO) at a dose range of 2.5-10 mg/kg was dissolved in 0.9% sterile saline and administered subcutaneously in a volume of 5 ml/kg. All drugs were administered 30 min before the testing session.
Data Analysis
In all experiments, the peak startle magnitude during the record window (eg 200 ms) was used for all data analysis. In experiment 1, a three-way ANOVA with repeated measures was utilized, with training type as the between-subject factor and trial type (light 'cue' trial vs dark 'no-cue' trial) and trial number as within-subject factors. To normalize the data to account for differences in startle during the no-cue trials, the percentage of cue potentiation of the startle response over the no-cue startle magnitude (%FPS) was also calculated for each animal and analyzed separately with training group as a between-subject factor (%FPS ¼ ((mean 'cue' trial startle magnitudeÀmean 'no-cue' trial startle magnitude)/mean 'no-cue' trial startle magnitude) Â 100). When appropriate, simple comparisons and post hoc comparisons were also conducted.
Acquisition data were analyzed by transforming the raw startle values in each pairing trial into a difference score (startle in the lightÀstartle in the dark). The difference score was then transformed to a fraction of the standard deviation of the startle response in the dark for the entire session for each animal ((startle response in lightÀstartle response in dark)/(standard deviation of startle in dark)). This transformation essentially produced a z-score for the effect of light on startle amplitude for each mouse at each trial over the session. This data transformation was needed because the inherent variability of startle responding between animals precluded meaningful analysis of the raw difference scores. The data for each training group were then analyzed using a Pearson product moment correlation analysis with number of pairings (ie trial number) and mean difference score (in standard deviation units) as the two variables. For visualization purposes and to assess the relative rates of acquisition across training groups, these data were expressed as a cumulative mean by number of pairings. Separate ANOVA analysis of the cumulative means at each pairing trial was used to assess at which pairing trial the cue-potentiated startle of the light-paired group began to differ significantly from the other training groups. When appropriate, Student-Newman-Keul's post hoc comparisons with training group as the one factor were performed.
In Experiment 2, an ANOVA with drug dose as the between-subject factor and trial type as a within-subject factor was utilized. Drug test session data were also broken into two blocks, Block 1 (first 30 min of session) and Block 2 (second 30 min of session), to assess extinction of the FPS over testing or change in drug effect over the 1 h session. Dunnett's post hoc comparisons were used when appropriate. The percentage of FPS was also calculated and analyzed.
RESULTS
Experiment 1. CS-US Pairing-Dependent Acquisition of FPS in Mice
Light-paired vs unpaired training. Acoustic startle responses during the light-cue and no-cue conditions were found to be dependent upon training conditions (lightpaired vs unpaired) (Figure 2a ) (training Â trial type interaction: F(1,22) ¼ 5.34, po0.05; training: F(1,22)o1, NS; trial type: F(1,22)o1, NS). This interaction is largely because of the light-paired group exhibiting larger startle responses than the unpaired group during the light-cue trials, although this difference did not reach statistical significance in post hoc tests. Indeed, when the raw data are normalized using the percentage FPS (%FPS), the lightpaired group shows a significantly greater %FPS than the unpaired group (Figure 2b ) (t (22) ¼ 3.27, po0.01), again indicating a training-dependent effect on startle responding during the light-cue trials. There was also a main effect of trial number (F(1,28) ¼ 57.51, po0.001; F(29,812) ¼ 4.48, po0.001, respectively), which reflects the rapid increase in light and dark startle responding after shock presentations. Surprisingly, when simple post hoc tests were performed to compare light and dark startle responding within each group, there was a significant effect of trial type in the unpaired group as well as the light-paired group (pairedt (11) ¼ 2.89, po0.05; paired-t (11) ¼ 5.91, po0.0001, respectively), indicating that the light cue also facilitates startle Neuropsychopharmacology Anxiolytic drugs reduce FPS in mice VB Risbrough et al responding to some degree even in the absence of explicit pairing with the shock stimulus.
Light-paired vs no-shock training. The light-paired group had a significantly greater difference between startle responding in the cue and no-cue trials relative to the noshock group, and also exhibited larger startle responses overall (Figure 2a) (training Â trial type: F(1,22) ¼ 21.14, po0.001; training: F(1,22) ¼ 85.89, po0.001). Indeed, post hoc analysis revealed that the light-paired training significantly increased startle magnitudes in both the cue and no-cue trials as compared to the no-shock group (Tukey test, po0.05). The change in overall startle responding is because of the footshock presentations, as can be seen in the overall greater startle magnitudes observed in the unpaired group as well (see Figures 2b and 3 ).
An effect of the light cue on startle responding across training groups was also confirmed by a main effect of trial type (trial type: F(1,22) ¼ 41.90, po0.001). When the startle responses in the light-cue trials are normalized for no-cue responding, the light-paired group only shows a trend for higher %FPS in comparison to the no-shock group ( Figure  2b ) (t (22) ¼ 1.97, p ¼ 0.06). Thus, although the data indicate a pairing-dependent increase in startle magnitude in the presence of the cue, the light cue also appears to have some startle-potentiating effects without US pairing.
Analysis of acquisition of potentiated startle. Acquisition data are displayed in Figure 3 (raw startle responses) and Figure 4 (cumulative transformed means). The upward trend in the cumulative mean difference scores as the session progressed suggested that acquisition was occurring in all three training groups (Figure 4 ). Regression analysis on the raw difference scores (Figure 3) , however, revealed a significant correlation between difference scores and number of pairing trials in the light-paired group only (light-paired r ¼ 0.38, po0.05; unpaired r ¼ 0.20, NS; noshock r ¼ 0.24, NS). To assess the rate of acquisition of FPS across training groups, ANOVAs were run on the cumulative mean at each pairing trial. By the eighth trial, a statistically significant effect of training group was observed (F(2,33) ¼ 5.192, po0.05), with post hoc analysis indicating that there was a significant difference (po0.05) between the light-paired and unpaired groups by the eighth pairing trial (Figure 4 ). This significant difference between the lightpaired and unpaired groups was maintained consistently across all subsequent pairing trials.
Acquisition of context-potentiated startle. During lightcue/footshock pairing, it was also expected that there would be an increase in startle magnitudes in the dark trials relative to pretraining baseline responding, because of conditioned fear elicited by contextual cues. As illustrated Figure 2 Effect of explicit light-cue/footshock pairing on acoustic startle responding. A light CS (30 s) and footshock US (0.14 mA, 0.5 s) were paired explicitly (light-paired), or randomly presented (unpaired), or the light cue was given alone (no-shock) over 30 training trials. Startle responsiveness was measured with a startle probe presented both during the CS ('light') and during the intertrial interval (ITI, 'dark'). (a) Maximum startle amplitude across light and dark trial types with difference scores (mean light respondingÀmean dark responding) to illustrate interaction between training and trial type. *po0.05 vs light-paired group, ANOVA training Â trial type interaction. +po0.05 light vs dark responding within each training group, post hoc paired t-test. in Figures 3a-c , startle responses in the dark increased above baseline during both unpaired and light-paired training, while the startle response in the dark did not change in the no-shock group. Comparisons of startle responding during baseline and dark trials across the lightpaired, unpaired, and no-shock training groups revealed an interaction between training and dark trial type (dark pretraining baseline vs dark trials during training) (training Â trial type: F(2,33) ¼ 14.85, po0.001), as well as main effects (training: F(2,33) ¼ 4.18, po0.05; trial type: F(1,33) ¼ 101.96, po0.001). Post hoc analyses indicated that the light-paired and unpaired groups exhibited significantly larger startle responses in the dark during training compared to the no-shock group (Tukey post hoc test, po0.05), while pretraining baseline responding did not differ between the groups.
Experiment 2. Effects of Anxiolytic Drugs on Expression of FPS in Mice
Light-paired vs unpaired training. Similar to the previous light-paired and unpaired group comparisons, there was a greater difference between startle responses in cue and nocue trials in the light-paired group than the unpaired group (training Â trial type: F(1,11) ¼ 5.88, po0.05), although post hoc analysis did not reveal a significant difference between the two groups on cue-trial responding specifically (lightpaired: cue ¼ 1269 7 162, no-cue ¼ 779 7 136; unpaired: cue ¼ 921 7 255, no-cue ¼ 799 7 225). The light-paired group also showed significantly greater %FPS than the unpaired group (mean %FPS: light-paired ¼ 71.6 7 16.9, unpaired ¼ 17.1 7 13.7) (t (11) ¼ 2.23, po0.05).
There was also a main effect of trial type, again perhaps indicating some pairing-independent potentiation by the light cue, but no main effects of training or block (trial type: F(1,11) ¼ 16.36, po0.01; training: F(1,11)o1, NS; block: F(1,11) ¼ 1.41, NS).
Diazepam. Diazepam administration significantly reduced startle potentiation in the presence of the cue without affecting startle magnitude in the no-cue trials (Figure 5a ) (trial type Â drug: F(3,47) ¼ 2.95, po0.05; drug: F(3,47) ¼ 1.85, NS; trial type: F(1,47) ¼ 28.82, po0.0001). There was also a significant interaction between drug, trial type, and block (F(3,47) ¼ 5.08, po0.005) and between block and trial type (F(1,47) ¼ 4.25, po0.05). This interaction was due mainly to a significant decrease in the effect of the cue on potentiated startle in the vehicle group during block 2, indicating that there was extinction of the fear potentiation over the session. Therefore, only data from block 1, where FPS is most robust, are shown and analyzed further ( Figure  5 ). Post hoc one-way ANOVAs on each trial type during block 1 revealed no effect of drug on no-cue trials (F(3,47)o1, NS) but did reveal a significant effect of dose on cue trials (F(3,47) ¼ 3.39, po0.05). The 6 mg/kg dose group had significantly lower startle responses during the cue trials as compared to the vehicle group (Figure 5a ) (po0.05, Dunnett's test). The percentage of FPS was also significantly reduced in the diazepam-treated group (drug: F(3,47) ¼ 4.88, po0.005), with post hoc analysis revealing a significant reduction in both the 3 and 6 mg/kg dose groups as compared to the vehicle group (Figure 5b ) (Dunnett's test, po0.05). Chlordiazepoxide. Chlordiazepoxide had a strong trend to decrease cue potentiated startle without affecting startle responding during no-cue trials (Figure 6a ) (trial type-Â drug: F(1,10) ¼ 4.24, p ¼ 0.067; drug: F(1,10) ¼ 1.29, NS; trial type: F(1,10) ¼ 20.08, po0.01). There was a main effect of block (F(1,10) ¼ 8.44, po0.05); however there were no interactions with drug treatment or trial type (F(1,10)o1.0, NS). The block effect was because of an overall decrease in startle magnitude in block 2 that was seen across both drug group and trial conditions; hence, the data were collapsed to be graphed and analyzed across the entire testing session (Figure 6 ). Chlordiazepoxide also significantly reduced %FPS (Figure 6b ) (t (10) ¼ 1.87, po0.05).
Buspirone. As hypothesized, the 5-HT1A partial agonist buspirone had a significant effect on startle magnitude that was trial-type dependent (Figure 7a ) (trial type Â drug: F(3,37) ¼ 3.48, po0.05; drug: F(3,37) ¼ 1.23, NS). A main effect of trial type was also found, with the cue trials eliciting much greater startle magnitudes than the no-cue trials (F(1,37) ¼ 64.98, po0.001). Since there were no main effects of block (F(1,37)o1, NS) or interactions with trial type or drug treatment (F(3,37)o1, NS), the data were collapsed across the entire testing session. One-way ANOVAs of drug effects on cue and no-cue trials separately did not reveal a drug effect on either trial type alone (F(3,37) ¼ 1.48; NS; F(3,37) ¼ 1.18, NS, respectively). The percentage of FPS, however, was significantly reduced by buspirone administration (F(3,37) ¼ 6.02, po0.002), with both the 5 and 10 mg/kg doses significantly decreasing %FPS compared to the vehicle group (Figure 7b ) (Dunnett's test po0.05).
Experiment 3. Effect of Chlordiazepoxide on Non-CS Dependent Increases in Startle Responding
To test whether the increased startle amplitude during shock presentations is because of shock sensitization and/or contextual learning, the unpaired and no-shock groups from experiment 1 were retested with dark trials only (noshock presentations) 5 days post-training. The unpaired group continued to exhibit larger startle responses relative to the no-shock group; however this difference diminished as the testing session progressed, as revealed by a main effect of training and a training by trial number interaction 
DISCUSSION
The present study showed that FPS engendered by pairing a light cue with a mild footshock is robustly acquired over a relatively small number of trials in male DBA/1J mice. Additionally, a slight but significant pairing-independent effect of light on startle responding was observed. The clinically effective anxiolytic drugs, diazepam, chlordiazepoxide, and buspirone, significantly reduced FPS without producing significant changes in baseline startle responding. The acquisition of FPS was studied on a trial-by-trial basis to characterize the acquisition curve for FPS in DBA/1J mice. This type of protocol could be particularly valuable for characterizing anxiety-like phenotypes in mice with constitutive genetic manipulations to help dissociate the acquisition from the expression and extinction of FPS (ie is an anxious-like phenotype because of exaggerated expression or accelerated learning of fear conditioning?). This particular protocol was also designed to avoid any confounds associated with the inclusion of unpaired cue presentations (ie extinction trials) when training and testing trials are separated, as in previous similar protocols (Walker and Davis, 2000; Kim and Davis, 1993; Heldt et al, 2000) . The observed acquisition curve for light-cue potentiated startle in this strain of mouse was very rapid. This finding was somewhat surprising because previous studies using light as the CS for FPS indicated that up to 60 trials are needed in C57BL/6J mice, and up to 10-15 trials are needed in rats (Heldt et al, 2000; Mansbach and Geyer, 1988) . In the present study, statistically significant FPS in DBA/1J mice appeared by eight pairing trials during the combined acquisition/testing session. C57BL/6J mice, however, when trained with the same protocol as described in the present study (20 trials 24 h pretest), do not acquire FPS (unpublished observations), indicating that there are large differences in acquisition of FPS across mouse strains. DBA/ 1J mice have been shown to have moderate-to-high emotional reactivity in conflict tests in comparison to other strains, and the relatively similar DBA/2J strain also appears to express FPS more robustly than the C57BL/6J strain (Crawley et al, 1997; Falls et al, 1997; McCaughran et al, 2000) . Indeed, McCaughran et al (2000) reported that DBA/ 2J mice but not C57BL/6J mice learned FPS and that robust acquisition of the FPS is a highly heritable trait in subsequent intercrossed generations. Interestingly, fear conditioning as measured by freezing can be acquired after a single trial in C57BL/6J mice, indicating that there may be some differences in the underlying systems involved in conditioned freezing and potentiated startle (Stiedl et al, 2000; see also McNish et al, 1997) .
A more detailed examination of the acquisition data for all training groups showed a positive correlation between the number of pairing trials and the difference in startle amplitude in the light vs the dark. This positive correlation suggests that the effect of the light on startle amplitude increased over the length of the training session and implies that there was an experience-dependent effect on startle responding, that is, learning. Conversely, if the difference were innate or unconditioned, one would expect that the trial-type specific pattern of responding would not show any correlation with experience. Although the correlation between the number of pairing trials and the difference in responding between cue and no-cue trials was statistically significant only in the light-paired group, both the unpaired and no-shock groups showed trends for positive correlations as well. Hence, it would be premature to dismiss the possibility that a component of the difference between startle amplitude in the light vs the dark trial may be innate. Moreover, although not statistically significant, the positive correlation observed in the unpaired and no-shock group raises the intriguing possibility that the startle-potentiating effects of light in this and previous studies (Heldt et al, 2000) may be the result of a learned association (ie the startle-eliciting stimulus functioning as the US and the light functioning as the CS for fear conditioning). This was not expected however, as the startle stimulus is presented both during light and dark trials, and thus neither the light nor dark would be solely predictive of the 'US' (startle stimulus). It is possible however that the salience of the light stimulus as compared to the dark trial was great enough to engender a conditioned response after repeated pairing with the aversive startle stimulus. This hypothesis might explain why the no-shock group failed to show any light potentiation of startle until more than 10 pairings of the light and noise had occurred (Figure 4 ). This explanation is also consistent with the study by Leaton and Cranney (1990) , which suggested that a startle-eliciting stimulus could function as a US for fear conditioning in rats. Further experiments examining the effect of previous pairings of light and noise on light-potentiated startle are required to fully address this hypothesis.
The present finding of an increase in startle responding in the light that is independent of pairings with a US, also coincides with previous reports of the 'light-enhanced startle' (LES) effect in both rats and mice (Ison and Hammond, 1971; Heldt et al, 2000) . In rats, LES is blocked by systemic administration of anxiolytic drugs or by infusions of glutamate antagonists into either the bed nucleus of the stria terminalis (BNST) or the basolateral nucleus of the amygdala, suggesting that fear or an anxiouslike state may be a component of LES (Walker and Davis, 1997; de Jongh et al, 2002) . In C57BL/6J mice however, LES was not blocked by amygdala lesions (Heldt et al, 2000) . It thus remains to be seen whether the BNST, which may have a direct connection to the nucleus reticularis pontis caudalis, an area critical for startle, may mediate LES in mice.
Another characteristic of FPS in the present study was the progressive increase in startle reactivity during the dark ITI in both the light-paired and unpaired groups during the initial 4-5 trials (Figure 3) , which may be attributable to conditioning to contextual cues (ie the startle chamber). This hypothesis is supported by the data gathered 5 days post-training in the absence of any further shock presentations (Figure 8 ). In this test, startle magnitudes were elevated significantly above pretraining levels in the unpaired group, with similar initial startle responding as was observed during training (Figure 3) , and gradually returned to baseline levels when testing was repeated without shock presentations (ie probable extinction). This behavioral pattern suggests that the increased startle in the unpaired group observed during the testing session is likely a reflection of learned fear elicited by the testing chamber serving as a contextual cue and not the consequence of immediate sensitization of startle responses that may be occurring in the training session (for a further discussion of shock-induced sensitization, see Davis, 1989 and Richardson, 2000) as no shocks were presented in the testing session.
The present study is the first report, to our knowledge, of the blockade of FPS in mice by the administration of clinically effective anxiolytics. The benzodiazepine GABA-A receptor agonists diazepam (3 and 6 mg/kg) and chlordiazepoxide (10 mg/kg) blocked FPS without significantly reducing startle responding when the cue was not present. This result contrasts with the effects of benzodiazepines on FPS in rats, in which benzodiazepines are reported to decrease both cue-potentiated and baseline no-cue startle when training and testing occur in the same apparatus (Guscott et al, 2000) . It may be that higher doses are needed in mice to reduce the startle potentiation in the dark because of context conditioning. Indeed, in the present study, the 10 mg/kg dose of chlordiazepoxide had no effect on the context-potentiated startle responding in the unpaired group, which may indicate that a higher dose of chlordiazepoxide is needed to block context-potentiated startle than is effective for FPS. It is also important to note that the effective doses of diazepam and chlordiazepoxide are similar to the effective dose range of these compounds in the elevated plus maze in mice, indicating some commonality across benzodiazepine dose ranges for the FPS model and other models of anxiety in mice (Lister, 1987; Griebel et al, 2000) .
The present study is also the first to report the blockade of FPS in mice by administration of the serotonin 1A receptor partial agonist buspirone. Buspirone did, however, appear to increase startle responding independent of trial conditions at the lower doses, although this difference was not significant. The effective doses of buspirone in the present study are also similar to those reported in rats for FPS, as is the slight increase in overall startle responding (Mansbach and Geyer, 1988) . The neural site of anxiolytic action of buspirone and other 5-HT1A agonists is somewhat unclear (Menard and Treit, 1999) . In rats, lesions of both the septum and raphe nucleus, areas with extensive 5-HT1A receptor distributions, failed to block the effect of buspirone on FPS (Melia and Davis, 1991; Davis et al, 1988) . Administration of the 5-HT1A receptor full agonist flesinoxan into the amygdala, but not the raphe nuclei, blocked FPS in rats, suggesting that some of the effects of 5-HT1A activation on FPS may be mediated via the amygdala (Groenink et al, 2000) .
Although the site of action of the anxiolytics tested in mouse FPS is currently unknown, the present data provide strong initial evidence for the predictive validity of the FPS model for identifying anxiolytic treatments in mice. Further studies of the modulation of FPS in mice by anxiogenic compounds and nonanxiolytic compounds are now required to further characterize the predictive validity of FPS in mice as a model of anxiety.
